In this paper, the problem of synchronization control is investigated for complex dynamical networks with discrete intervals and distributed time-varying delays. The main thing is to design a properly pinning controller, for which the error system of complex dynamical networks is asymptotically stable. Based on the theory of Lyapunov stability and linear matrix inequality, the suitable Lyapunov-Krasovskii functional is constructed in terms of the Kronecker product, and then we obtain a novel synchronization criterion. Finally, a numerical example is given to illustrate the effectiveness of the proposed methods.
Introduction
Over the past two decades, extensive efforts have been devoted to the research on complex dynamical networks due to their theoretical importance, and practical applications in various fields, such as the Internet and World Wide Web, food web, genetic networks, and neural networks [-] . Many of these networks exhibit complexity in the overall topological properties and dynamical properties of the networks nodes and the coupled units. It is not surprising that one witnesses a surge of research interest in the analysis of the dynamical behavior of complex dynamical networks.
An important concern in the research of complex dynamical networks is the synchronization problem, of which the purpose is to design the proper controller to achieve synchronization of the considered complex dynamical networks. Many significant advances on this issue have been reported in the literature; see [-] and the references therein. In this paper, we study a non-fragile approach [-], the authors of [] investigated the controlled synchronization for complex dynamical networks with random delayed information exchanges, for which stochastic variables are utilized to model randomly occurring phenomena. Reference [] investigates the non-fragile synchronization for bidirectional associative memory neural networks with time-varying delays. The sufficient conditions are derived to guarantee its synchronization based on a master-slave system approach. The discrete-time complex dynamical networks with interval time-varying delays is studied in [] . In this paper, the randomly occurring perturbations will be considered, which are as-sumed to belong to the binomial sequence. According to the author in [] , the complex dynamical networks are synchronized, by using the sampled-data control method. Pinning sample-data control in [] for synchronization of complex networks has been studied with probabilistic time-varying delays, by applying quadratic convex approach. The impulsive control [-] for synchronization of complex networks also is investigated. Impulsive control [] is applied to the synchronization for complex dynamical networks with coupling delays. Two types of time-varying coupling delays are considered: the delays without any restriction on the delay derivatives, and the delays whose derivatives are strictly less than the former. The pinning control [-] is one of the most commonly used to achieve the synchronization between the nodes. In [] , pinning synchronization of nonlinearly coupled complex networks with time-varying delays is investigated, by using M-matrix strategies. Through to pinning control all reached the purpose of synchronization, by using different methods. For instance, in [] , one investigated the pinning adaptive hybrid synchronization of two general complex dynamical networks with mixed coupling. Also the authors of [] studied the intermittent pinning control for cluster synchronization of delayed heterogeneous dynamical networks. In this paper, the complex networks system is a system with non-identical delayed dynamical nodes. By these mentioned control methods, pinning control can effectively decrease the number of nodes causing the system to achieve synchronization. Since pinning control can reduce the control of nodes, it is very valuable to study the synchronization of a complex dynamical networks system via pinning control.
The phenomena of time delays are common in various systems. They exist for the case the events occur. It is known clearly that time delays can destabilize the behavior of networks. Hence, a system with time delays may be complicated and interesting. As is well known, time delays would degrade the synchronization performance or even destroy the synchronization. So, the problem of time delays should be introduced in the synchronization of complex networks. Furthermore, we have mixed delays including discrete delays and distributed delays, but the mixed time delay can have the effect of more pressure close to the actual application. There are a lot of papers about the delay of complex network using different methods. For instance in [-], and in [], the authors considered the synchronization and exponential estimates of complex networks with mixed time-varying coupling delays. A generalized complex networks model involving both neutral delays and retarded ones is presented. By utilizing the free weighting matrix technique, a less conservative delay-dependent synchronization criterion is derived. In [], delay-distributiondependent synchronization of T-S fuzzy stochastic complex networks with mixed time delays was studied, in which the mixed time delays are composed of discrete and distributed delays. The discrete-time delays are assumed to be random and its probability distribution is known a priori. The stochastic nonlinear time-delay system [] is studied. The purpose of this paper is to investigate the dynamic output feedback tracking control for this time-delay system with the prescribed performance. The problem of synchronization of T-S fuzzy complex dynamical networks with time delay, impulsive delays, and stochastic effects is studied in [] , based on T-S fuzzy methods and the LMIs approach. On the basis of the above discussion, we can see that the time delay has very much significance for any systems. Therefore, it is significant to study the synchronization for complex dynamical networks system with mixed mode-dependent time delays.
Inspired by the above discussion, in this paper we deal with the synchronization for complex dynamical networks with mixed mode-dependent time delays. The main contribution of this paper is summarized as follows: () A more general system was introduced to solve practical problems. The rest of the paper is organized as follows. In Section , the complex dynamical networks model is introduced, several assumptions, lemmas, and definitions are also proposed. The main results of the synchronization on complex dynamical networks are given in Section . In Section , we provide a numerical example to illustrate the effectiveness of the obtained results. Conclusions are finally drawn in Section .
Notation: The notation in this paper is standard. R n denotes the n dimensional Euclidean space, R m×n represents the set of all m × n real matrices. For a real asymmetric ma- 
System description and preliminary lemma
Let {r(t)(t ≥ )} be a right-continuous Markovian chain on the probability space ( , F, {F t } t≥ , P) taking values in the finite space S = {, , . . . , m} with generator = {π ij } m×m
where t > , lim t→ (o t/ t) = , and π ij is the transition rate from mode i to mode j satisfying
. Considering the following Markovian jumping complex networks with mixed modedependent time-varying delays consisting of N nodes, in which each node is an ndimensional dynamical subsystem:
where x k (t) = (x k (t), x k (t), . . . , x kn (t)) T ∈ R n denotes the state vector of the ith node,
. , d n,r(t) } > ; A(r(t)), B(r(t)), and C(r(t))
∈ R n×n , are, respectively, the connection weight matrix, the discretely delayed connection weight matrix, and the distributively delayed connection weight matrix; (r(t)) is an inner-coupling matrix; c >  represents the coupling strength; the bounded functions τ  (t) and τ  (t) represent the unknown discrete-time delay and the distributed delay of system with
N×N denotes the coupling configuration matrix, if there is a connection between node i and node j,
. . , N . Correspondingly, the response complex networks with the control inputs u k (t) ∈ R n (k = , , . . . , N ) can be written aṡ
where u k (t) is given as
, we can arrive the error dynamical networks:
where
With the matrix Kronecker product, we can rewrite the error networks system () in the following compact form:
The purpose of this paper is to design a series of pinning controllers () to ensure the asymptotical synchronization of complex dynamical networks (). Before proceeding with the main results, we present the following definitions, lemmas, and assumptions. 
. 
where U and V ∈ R n are constant matrices with V -U > . For presentation simplicity and without loss of generality, it is assumed that f () = .
Remark  In Assumption ., the sector-bounded description of the nonlinear term is quite general, which includes the common Lipschitz and norm-bounded conditions as special cases. It is possible to reduce the conservation of the main results caused by quantifying nonlinear functions via the well-known convex optimization technique. The same lemma, Lemma ., will play a key role in the derivation of a less conservation delaydependent condition than the general Jensen inequality in []. 
Main results

Theorem . The error dynamical network () is asymptotically stable with mixed timevarying delays τ  (t) and τ  (t), constant matrices
Proof Define the Lyapunov functional candidate as follows:
(t), i, t = e T (t)P i e(t),
Let L be the weak infinitesimal generator of the random process:
LV e(t), i, t = lim → +  E V e(t + ), r t = i, t + |e(t), r t = i -V e(t), i, t .
Then for each i ∈ S along the trajectory of (),
LV e(t), i, t = LV  e(t), i, t + LV  e(t), i, t + LV  e(t), i, t + LV  e(t), i, t + LV  e(t), i, t ,
e(s) ds
Then it follows from Lemma ., Lemma ., and Lemma . that
We can get from Assumption . that for any λ  > , λ  > :
Substituting ()-() into () yields
LV e(t), i, t ≤ e
Then from () we can obtain
Defining λ * = max(λ( (t))), it follows from () and combining with () that
By integrating the inequality in () between  and t and taking the expectation, one can readily obtain
Notice that λ * <  and V (e(t), i, t) > , we can infer that
Basing on Definition ., the complex networks dynamical networks () are asymptotically synchronized via the pinning controller. The proof is completed.
Remark  The main purpose of this paper is to design suitable pinning controller, for which one can be sure that the complex dynamic networks is asymptotically stable. The constant σ k in the controller can be chosen suitably to adapt the synchronization criterion and the identification speed. And we can ensure that the inequalities () are just only the sufficient conditions but not the necessary ones.
Example
In this section, a numerical example is provided to demonstrate that the proposed method in this paper is effective.
Example  For the sake of simplification, we consider the following -nodes error complex dynamical networks () with matrix parameters. We have
The outer-coupling matrix is assumed to be G = (G ij ) × with 
Suppose the transition probability matrix
By using Matlab, the LMI () can be solved and a feasible solution is obtained. In order to save space we list only part of the results: By Theorem ., the Markovian jumping complex networks with varying delays achieve synchronization through the pinning controller u(t), with the above mentioned parame- 
Conclusion
In this paper, we have developed an approach to solve the problem of synchronization for a class of complex dynamical networks with mixed mode-dependent delays. By building properly Lyapunov-Krasovskii functions involving triple integral terms and using integral inequalities, new synchronization criteria have been obtained, which guaranteed the synchronization of complex dynamical networks. The result is expressed in terms of LMIs. Finally, a numerical example is provided to illustrate the effectiveness of the proposed methods.
